Abstract: Oligodendrogliomas are an important adult form of diffuse gliomas with a distinctive clinical and genetic profile. Histologically similar tumors occurring rarely in children are incompletely characterized. We studied 50 patients with oligodendrogliomas (median age at diagnosis 8 y, range 7 mo to 20 y). Tumors resembling dysembryoplastic neuroepithelial tumors or pilocytic astrocytomas or those having a "mixed" histology were excluded. Tumors at first diagnosis were low grade (n = 38) or anaplastic (n = 12). Histologic features included uniform round cells with perinuclear halos (100%), secondary structures (predominantly perineuronal satellitosis) (90%), calcifications (46%), and microcysts (44%). Sequential surgical specimens were obtained in 8 low-grade oligodendroglioma patients, with only 1 progressing to anaplasia. Studies for 1p19q performed in 40 cases demonstrated intact 1p19q loci in 29 (73%), 1p19q codeletion in 10 (25%), and 1p deletion with intact 19q in 1 (2%). Except for 2 young patients (3 and 11 y of age), patients with 1p19q codeletion were older than 16 years at diagnosis. Mutant IDH1 (R132H) protein immunohistochemistry was positive in 4 (of 22) (18%) cases, 3 of which also had 1p19q codeletion, whereas 1p19q status was not available on the fourth case. There was a nonsignificant trend for worse overall survival in grade III tumors, but no significant association with age, extent of resection, or 1p19q status. In summary, oligodendrogliomas with classic histology occur in the pediatric population but lack 1p19q codeletion and IDH1 (R132H) mutations in most instances. They are predominantly low grade, recur/clinically progress in a subset, but demonstrate a relatively low frequency of histologic progression.
P ediatric diffuse gliomas are clinically and pathologically poorly understood, mostly because of their rarity, histologic overlap with other entities, and the absence of a defining molecular feature. Nevertheless, there are tumors that fulfill all histologic criteria for oligodendroglioma in the pediatric population, and some even with 1p19q chromosomal arm codeletion typical of classical adult counterparts. Yet, the majority of the reported cases do not harbor this typical codeletion, and their demographic features are poorly delineated. In addition, some examples of these tumors arise in locations that are unusual for adult oligodendrogliomas, that is, brainstem, pineal region, cerebellum, or spinal cord.
Identification of prognostic factors in pediatric oligodendrogliomas has been difficult given the limited number of cases studied. In addition, earlier reports of pediatric oligodendroglioma may have been confounded by the inclusion of tumors currently placed in other categories such as dysembryoplastic neuroepithelial tumor (DNT). Thus, unlike the adult example, oligodendroglioma remains a poorly defined entity in children, partly because of the limited experience and small number of publications with more than a few patients. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Numerous recent advances have been made in our molecular understanding of diffuse gliomas, particularly in adults. However, little is known about corresponding molecular alterations in pediatric oligodendrogliomas in particular. In adult infiltrating gliomas, whether oligodendroglial, astrocytic, or mixed, there is now a shift to a dichotomous division into 1p19q codeleted, ATRX/TP53 wild-type gliomas (oligodendrogliomas), and 1p19q intact tumors that histologically may be astrocytic or mixed (oligoastrocytoma). 15 Many of the 1p19q intact adult tumors have abnormalities, that is, mutations in TP53 and ATRX and gain of chromosome 7, which are associated with neoplasms that are phenotypically more astrocytic. [15] [16] [17] [18] [19] These latter changes are not typical of diffuse astrocytomas in children, however, and were not present in the series of Zhang et al. 20 Regarding pediatric oligodendroglioma, little is known about molecular alterations characterizing these tumors. Using methylation-specific polymerase chain reaction, Suri et al 13 found MGMT promoter methylation distributed in 10 oligodendroglioma patients from 4 to 25 years of age (in 5 of 7 patients 18 y of age or below and also in 5 of 7 patients 19 to 25 y of age). Interestingly, in a recent sequencing study, Zhang et al 20 found FGFR1 TK duplications in 3 (of 5) pediatric oligodendrogliomas and 4 (of 8) oligoastrocytomas. FGFR1-TACC1 fusion, NAV1-NTRK2 fusion, FGFR1:p.N544K, and BRAF:p.G503 > EYSG were present in each of the 4 remaining oligoastrocytomas, and an MYB-MAML2 fusion and alterations typical of adult oligodendrogliomas (ie, CIC mutation, IDH1 mutation, and 1p19q codeletion, age 15 y) were present in each of the 2 remaining oligodendrogliomas. 20 However, it remains to be seen how common and specific these changes are for pediatric oligodendrogliomas. They may not be specific, as mutations in FGFR and MYB are present in some pediatric diffuse astrocytomas as well. 20, 21 In the current study, we collected a large cohort of pediatric oligodendrogliomas to better define the histologic, molecular, and prognostic features of this rare entity. We have used diagnostic criteria established for adult tumors and made every attempt to exclude other entities and look-alikes.
MATERIALS AND METHODS

Patients
A pathology search algorithm was used to identify all children and adolescent patients (ages 0 to 20) with the diagnosis of oligodendroglioma from the Department of Pathology archives of Johns Hopkins Hospital and University of California San Francisco Medical Center. We chose this age cutoff as it is common for patients between 18 and 21 years of age to also be seen by pediatric practitioners, therefore reflecting the referral pattern observed among pediatric neurosurgeons/neuro-oncologists in our and similar practices, as well as cutoffs used in Children's Oncology Group clinical trials. All available slides were reviewed by at least 2 neuropathologists in the study (P.C.B., W.M., F.J.R., T.T.). The inclusion criteria were: (1) intra-axial, supratentorial, or infratentorial location; (2) clinically symptomatic tumors; (3) radiologically diffuse/ infiltrating appearance; (4) histologically consistent with adult type, infiltrative oligodendrogliomas of either World Health Organization (WHO) grade II or III. The exclusion criteria included intraspinal location, incidental tumors, tumors with unusual histologic features, and tumors diagnosed as anything other than oligodendroglioma after pathologic reviews (ie, DNT, clear cell ependymoma, pilocytic astrocytoma, and any glioneuronal tumor).
Appropriate IRB approvals were obtained in both institutions (CHR H41175-21977-01). Radiologic images were systematically reviewed in 18 patients by one of the authors (D.L.). Identification of DNTs was done along guidelines of the Children's Cancer and Leukaemia group. 22 Progression-free survival (PFS) was defined as the time of progression from initial surgery as abstracted from clinical and/or radiologic records.
Histopathology and Immunohistochemistry
Hematoxylin and eosin-stained slides and immunohistochemical slides were reviewed in all cases. Whenever available, additional sections obtained as unstained slides or blocks were used for special stains and immunohistochemistry. Immunohistochemical stains performed as part of the diagnostic workup were reviewed. Mutant IDH1 protein (H09; Dianova, Germany; 1:50) was systematically evaluated in a subset of cases.
1p19q Analysis 1p19q analysis was performed by various methods including polymerase chain reaction-based microsatellite analysis (n = 18), fluorescence in situ hybridization (n = 16), and single nucleotide polymorphism (SNP) array (n = 9) by previously described methods. [23] [24] [25] [26] 
Statistical Evaluation
Frequencies and mean and median values were calculated for the variables as appropriate. Descriptive statistics and frequencies were generated for nominal and ordinal variables, respectively. Cumulative survival and median survival times with 95% confidence intervals were calculated. Survival analysis was performed using the Kaplan-Meier analysis for PFS (defined as the time between first surgery and first evidence of radiologic or clinical progression) and for overall survival (OS) (defined as the time between first surgery and death). Patients with tumors arising in unusual locations (ie, cerebellum, pineal gland, and brainstem, n = 3) were excluded for survival analysis. All tests were 2 sided, with P values <0.05 considered statistically significant. Statistical analyses were performed using JMP version 10 software (SAS Institute Inc., Cary, NC).
RESULTS
Demographics and Clinical Characteristics
We identified 100 cases from both institutions that were originally diagnosed as oligodendroglioma among patients 20 years of age or under. Review of pathology material resulted in the exclusion of 50 cases because of either insufficient material or disagreement with the initial diagnosis. Eleven tumors were reclassified as DNT, 2 as ganglion cell tumors, 1 as ependymoma, and 9 as infiltrating astrocytomas. An additional 8 were neuroepithelial or glioneuronal neoplasms with unusual histologic features. For final analysis, there were 50 cases included as pediatric oligodendroglioma-36 male and 14 female. Sixteen were inhouse patients, and 34 were consultations referred to the Johns Hopkins Hospital. The median age at first surgical intervention was 7 years (range, 7 mo to 20 y). The predominant presenting symptom was a seizure disorder, either recent or remote (20 [of 33] cases), whereas the remainder presented with focal neurological deficits or symptoms attributable to mass effect.
Tumors occurred in the frontal (n = 22), temporal (n = 13), parietal (n = 7), occipital (n = 3), or frontoparietal lobes (n = 1) or in the brainstem (n = 1), cerebellum (n = 1), and pineal gland (n = 1). The exact intracranial location was not recorded in 1 patient. Postoperative treatment regimens included irradiation (n = 11), chemotherapy (n = 12), or observation only (n = 19). Subsequent treatment was not known for 17 patients. One patient had Noonan syndrome, and another had undergone central nervous system irradiation for leukemia 10 years earlier. Clinicopathologic features of patients are summarized in Table 1 .
Radiologic Findings
All patients had undergone brain magnetic resonance imaging (MRI), and 3 had undergone brain computed tomography preoperatively. Available radiologic studies were systematically reviewed by one of the authors (D.L.) in 18 patients ( Fig. 1 ). In cases that had postoperative studies only (4/18), imaging features were extracted from the MRI reports.
Most tumors appeared infiltrative but circumscribed, some cystic or cyst-like with T1 hypointensity and T2/ FLAIR hyperintensity (4 cases), and several showed small central cystic areas. Not infrequently there was evidence of remodeling of adjacent calvarium. In the majority of cases (13/18) the tumor was predominantly cortically based and showed both gray and white matter involvement with mild parenchymal expansion; in 2 cases only subcortical white matter was involved and in 1 only gray matter. Associated mass effect was most often minimal to mild, occasionally with mild adjacent vasogenic edema. In 3 cases calcification was present within the tumor (1 evident on computed tomography and 2 evident on MRI). Eight of 17 cases showed gadolinium contrast enhancement: 4/11 of grade II oligodendrogliomas showed enhancement, typically mild or minimal, compared with 4/5 grade III tumors showing enhancement, ranging from punctate, rim, to heterogenous, solid, and intense enhancement.
Pathologic Findings
Thirty-eight tumors (76%) were WHO grade II oligodendrogliomas (Fig. 2) , and 12 (24%) were grade III on the basis of increased mitotic rate with or without the presence of microvascular proliferation (Fig. 3 ). Most anaplastic tumors had 7 or more mitoses per 10 highpower fields. Exceptions included 2 tumors with 4 mitoses per 10 high-power fields but demonstrating necrosis and/ or microvascular proliferation.
All tumors had a uniform population of round monomorphous cells and often in a "chicken-wire" vascular background. All hemispheric tumors involved the cortex with satellitosis and subpial crowding. Cortical calcifications were present in 19 (of 41) (46%) cases and microcysts in 18 (of 41) (44%). Mitotic activity ranged from 0 to 4 mitoses per 10 high-power fields (median 0) in grade II tumors and 4 to 33 (median 12) in grade III tumors. These findings are summarized in Table 2 .
Cases Arising in Nonhemispheric Locations
Three patients developed tumors in unusual locations, including a 17-month-old with a brainstem tumor, a 3-year-old with a cerebellar tumor, and a 20-year-old with a disseminated pineal region tumor (Fig. 4) . The latter 2 patients died 115 and 18 months after surgery. Both the cerebellar and pineal region tumors were 1p19q codeleted.
Cases With Sequential Pathologic Specimens
Eight patients had multiple surgical specimens; 4 patients with 2, 3 patients with 3, and 1 patient with 4 specimens (Fig. 5) . Six (of 7) patients had grade II tumors, which remained low grade on follow-up surgeries. In the only patient with 4 specimens, subsequent material demonstrated anaplastic features.
One patient with an anaplastic cerebellar oligodendroglioma underwent a second surgery as well as an autopsy. He developed myelodysplastic syndrome with evolution into acute myeloid leukemia several years after treatment (irradiation, cisplatin, BCNU, and thalidomide). Examination at autopsy demonstrated supratentorial spread of tumor into the right dorsal thalamus and right lateral ventricle as well as multiple infarcts.
Immunohistochemistry
Strong diffuse nuclear staining for p53 was present in only 1 (of 19) (5%) case (case 29). Immunohistochemical staining with GFAP was often weakly positive in tumor cells and was more pronounced in the surrounding reactive neuropil. Only 1 grade II oligodendroglioma showed strong GFAP immunoreactivity in tumor cells (case 50). Immunostaining for MIB1 was quite variable with much higher percentages of positive nuclei in grade III tumors. The staining ranged from <1% to 8% (median 4%) in 12 grade II tumors and 12% to 25% (median 23%) in 4 grade III tumors in which the staining could be performed. Key immunohistochemical features of cases are summarized in Table 2 .
1p19q Status and Mutant IDH1 (R132H) Protein
Chromosome 1p19q status was analyzed in 40 tumors. There was no loss in either locus in 29 tumors, combined 1p19q loss in 10 (25%), and an isolated 1p loss in 1 tumor. The tumors with 1p19q codeletion were predominantly hemispheric (frontal lobe n = 7, temporal lobe n = 1, cerebellum n = 1, and pineal gland n = 1). Eight of the 10 tumors were in patients who were older than 15 years, which is the typical cutoff for the pediatric age group. The exceptions were one 11-year-old patient with a right frontal lobe tumor and a 3-year-old with a cerebellar tumor. Two of the cases with 1p19q codeletion and the single case with 1p loss analyzed by SNP array demonstrated the classic whole-arm deletion typical of oligodendroglial neoplasms.
Mutant IDH1 (R132H) protein was detected in 4 of 22 tested cases (18%). Mutated IDH1 (R132H) protein was present in 3 (of 6) cases tested in the 1p19q codeleted group (cases 4, 30, and 39). The 1p19q status was not available in the fourth case with mutant IDH1 (R132H).
Clinical Follow-up
Postoperative follow-up information was available in 45 patients and ranged from 2 to 217 months (median 39 mo). Information on >1 year follow-up was available in 37 patients. At the end of the follow-up period of 38 grade II patients, 10 were alive with no evidence of disease, 14 were alive with disease, 4 alive with unclear status, 4 were dead (5 to 123 mo after surgery, median 15.5 mo), and 6 were lost to follow-up. Among 12 grade III patients, 4 were alive with no evidence of disease, 2 were alive with disease, 5 were dead (16 to 115 mo after surgery, median 18 mo), and 1 patient was lost to follow-up. There was a nonsignificant trend for worse OS in patients with grade III versus grade II tumors (P = 0.15, Wilcoxon) but no trends or significant difference for recurrence-free survival (P = 0.20) (Fig. 6 ). Although it was not possible to perform formal survival analyses by MIB1-labeling index given the relatively limited follow-up for the group with MIB1 data, 4 (of 5) patients who died 
Treatment and Outcome in Institutional Cases
Eleven patients received their ongoing care at Johns Hopkins Hospital, and a more detailed analysis of their treatment and outcome was performed. Treatment for the patients with grade II tumors consisted of resection (gross Grade III tumor treatment included resection (GTR, n = 1; STR, n = 4), of whom 1 child went on to receive irradiation, and 5 went on to receive irradiation/ chemotherapy. Of the 5 who received adjuvant chemotherapy, all regimens included alkylator-based therapy (eg, CCNU, procarbazine, BCNU, cyclophosphamide, temozolomide). Two patients received PCV (procarbazine, lomustine, vincristine) therapy, which has been shown to be an effective regimen to increase both OS and PFS in adult anaplastic oligodendroglioma. 27 Neither of these patients had 1p19q codeletion, and both progressed early in therapy. Two patients with grade III tumors in this series had 1p19q codeletion, but despite treatment with alkylating agents, both patients recurred early in their disease course and are deceased. With the exception of 1 child who is early in follow-up, all other children with grade III tumors are deceased. Because of the small patient size and the variability of treatment regimens, we cannot determine the efficacy of adjuvant treatment in our study. Although there was a suggestion that patients with grade II tumors fared better than those with grade III tumors, recurrence or progression was common in both groups.
DISCUSSION
From both the present series and previously reported cases, pediatric oligodendrogliomas emerge as a histologic entity without a unifying molecular signature. Our findings support the suggestion that there may be >1 molecular pathway. 6, 10 One group includes tumors without the typical 1p19q codeletion, yet a classical histologic appearance of oligodendroglioma. These tumors were predominantly in the true pediatric age group, that is, 0 to 15 years: they may be referred to as the "childhood-type" of pediatric oligodendroglioma. In contrast, codeletions were present in older children and adolescents, with 2 exceptions that were 3 (cerebellar) and 11 (cerebral hemispheric) years old at presentation, and therefore this could represent the "adulttype" of pediatric oligodendroglioma. The distribution in our series is thus similar to the findings of Raghavan and colleagues who found no codeletions in 15 patients 0 to 9 years of age but in 3 patients 10 to 18 years of age. Similarly, Suri et al 13 reported no codeletions in 7 patients 18 years of age or under but in 4 of 7 patients between 19 and 25 years of age. Zhang et al 20 in a recent sequencing study of pediatric low-grade gliomas found 1 case, age 15, with a codeletion and a mutation in CIC, a molecular abnormality present in most codeleted adult oligodendrogliomas. 15 Other series, in contrast, found no codeletions, even in older children. 6, 7, 28 Considering all the reported cases to date, it is fair to suggest that tumors with the classical histologic appearance of oligodendroglioma in the pediatric population (ie, 0 to 15 y) do not typically harbor 1p19q codeletions (Fig. 7) . Whether oligodendrogliomas of this "childhood" type can present initially in adulthood is not clear. Codeletions in adult oligodendrogliomas develop through a translocation (1;19)q10;p10). 29, 30 Whether this mechanism is operational in children remains to be determined, but SNP array analysis of 2 of our codeleted cases revealed whole-arm deletions as would be expected with such a translocation.
Little is known about the IDH1/2 status of pediatric oligodendrogliomas and its relation to 1p19q codeletion, other than the fact that mutations seem to be uncommon in most pediatric low-grade gliomas. Immunohistochemical positivity against the most frequent IDH1 mutant protein (R132H) is present in approximately 80% to 90% of adult oligodendrogliomas in the literature but in only 8% in our series. As might be predicted, all 4 IDH1 R132H-positive tumors were from older patients (ages 16 to 19 y), and 3 of these also showed 1p19q codeletions. It thus appears that IDH1 mutations may be associated with 1p19q codeletions as they are in adults and are more common in tumors in older children, as has been reported in malignant gliomas. 31 The relation of outcome to grade is also unclear, but we found a trend to shorter OS in the grade III tumors when the 50 tumors at all sites were considered, as well as when the 3 tumors arising in unusual sites were excluded. Wang et al 14 noted that all cases with anaplasia (n = 4) or positive cerebrospinal fluid cytology had a poor outcome. Three (of 10) anaplastic tumors arising in typical locations in our series were also ultimately lethal, and an additional one recurred. An interesting observation by Raghavan 10 was that 2 grade III codeleted tumors with polysomies were resistant to treatment, as has been noted in adult oligodendrogliomas. 32 Rizk et al 12 noted that children with oligodendrogliomas presenting with consequences of mass effect had anaplastic tumors and poor OS, whereas those presenting with seizures had "benign," presumably grade II, tumors with excellent outcomes.
Although there is a significant difference in outcome between 1p19q codeleted and non-codeleted oligodendrogliomas in adults, the more favorable outlook associated with the 1p19q codeletion has been stated not to be present in children. 33 This could be true; however, a publication making this assertion included a broad range of high-grade pediatric gliomas, not just oligodendrogliomas, 33 and its applicability to the latter tumors is therefore at issue. In our study and review of the literature, the non-codeleted oligodendrogliomas in children may be equally or even less aggressive than the deleted types. Clinical and histologic contexts thus need to be considered in interpreting the significance of genetic features. For example, glioblastomas in adults with 1p19q codeletion are not associated with improved survival. 34, 35 Diffuse astrocytomas in children are considerably more benign and less prone to anaplastic transformation than their adult counterparts. 36 This same issue arises in adult, non-codeleted oligodendrogliomas, the percentage of which decreases as diagnostic stringency and percentage of assenting reviewers increase. 37 Current models in brain tumor biology suggest that tumor location and relation to molecular features, patient age, and biological behavior may shed some light on cytogenesis. Specifically, the relation between codeletion and IDH1/2 status might also explain, or at least correlate with, the preference for the frontal lobe. If the tumors of the pineal region, brainstem, and cerebellum in our series were excluded, there were 14 hemispheric cases of age 15 years or greater, with 7 being codeleted. There was also one 11-year-old with a codeletion. If these are combined, 10 of the resulting 15 (67%) cases were located in a frontal lobe, a figure in accord with distribution of adult codeleted oligodendrogliomas. 38 Of the remaining 26 cases less than 15 years of age and not codeleted, only 10 (38%) were frontal. Adult oligodendrogliomas with 1p loss are also more likely to be frontal. 38, 39 In adults, lower-grade IDH-mutant diffuse astrocytomas are more common in the frontal lobe than tumors with wild-type IDH, 40 and IDH-mutant, secondary glioblastomas favor the frontal lobe as well. 41 Although usually hemispheric, pediatric oligodendrogliomas occasionally arise elsewhere, including cerebellum/posterior fossa, 5, 6, 8, 9, 14 brainstem, 6,9,42,43 thalamus/basal ganglia, 1,9,14 and spinal cord. 14 We had 1 case each in the pineal region, cerebellum, and brainstem.
The latter 2 were anaplastic. The molecular features of these unusually situated oligodendrogliomas have been variable. Some are codeleted (our cases 40 and 42 and those in Furtado et al 5 and Hewer et al 42 ) , and some are not (our case 37 and those in Furtado et al 5 and Kreiger et al 6 ). Of our codeleted grade III examples, the single pineal region and cerebellar tumors were certainly aggressive and ultimately lethal. Other series also noted aggressive behavior with grade III cerebellar lesions. 8 Any study of pediatric oligodendrogliomas must confront the issue of DNT, a lesion whose relationship to oligodendroglioma remains to be defined. It certainly can be difficult to distinguish the 2, especially in small fragmented specimens. Although classified as glioneuronal, DNT's alleged neuronal qualities have been difficult to substantiate, especially with regard to the small, infiltrating oligodendroglioma-like cells. Synaptophysin staining is variable, at best, and is often reported as only focal. 44 The most consistent immunopositivity is for OLIG1 or OLIG2, the latter a frequently used glial marker. 45, 46 It has been suggested that DNTs are grade I oligodendrogliomas, 46 a designation not recognized by the WHO classification. A related interpretation is that grade I oligodendroglioma might lie within the DNT spectrum. 47 The neoplastic versus reactive nature of the large "floating" neurons is an issue as well, although they seem likely to be trapped preexisting cortical ganglion cells. 46 The complexities and uncertainties of the oligodendroglioma versus DNT issue are apparent in a series that included 14 DNTs, of which 2 were felt to have both classic cortical DNT and underlying grade II oligodendroglioma. 48 Both components were 1p19q codeleted in both cases. DNTs with 1p19q codeletion are reported by others as well. 44 Whatever the relationship between pediatric oligodendroglioma and DNT, we were mindful of histologic similarities and made use of radiologic, pathologic, and clinical features to minimize the chance of including DNTs. Given definitional issues and ambiguities, however, it is difficult to be assured that we were successful.
Another lesion of uncertain relation to oligodendroglioma is an oligodendroglioma-like disseminated leptomeningeal tumor that is often associated with a spinal intramedullary component. [49] [50] [51] [52] [53] Also OLIG2 positive, it has in some cases clear neuronal differentiation, although this in itself does not necessarily exclude oligodendroglioma as the parent neoplasm. A frequent isolated 1p deletion appears to individualize the disseminated tumor; however, some such leptomeningeal lesions have the 1p19q codeletion typical of adult oligodendroglioma. [51] [52] [53] [54] Mutant IDH1/2 immunostaining has been negative. 52, 53 We did not include this type of tumor in the present study. Age distribution and frequency of 1p19q codeletion in pediatric oligodendroglioma. Pediatric oligodendroglioma 1p19q codeleted status by age in the literature and the current series. Pediatric oligodendrogliomas in our series arising in unusual locations (ie, cerebellum, pineal gland, brainstem, n = 3) are excluded.
In conclusion, there appear to be 2 types of pediatric oligodendrogliomas each needing further study. It remains to be established for the "adult" types whether the genes CIC and FUBP1 are mutated and that the translocation that maintains the codeleted state is present, although there seems no reason why this should not be the case. The molecular basis of the "childhood" type is less clear, and awaits further molecular characterization.
